After aldehyde prefixation, pretreatment with cryoprotectant and subsequent freeze-substitution with OsO % in acetone (AC-FS), extensive gap junction-like close membrane appositions are frequently found in the basal infolding of the salivary gland epithelium, although the desmosomal intercellular space had the same width as with conventional electron microscopy. The intercellular space between podocyte pedicles and endothelial cells at the renal glomerular filtration site was narrower by the total width of 2 laminae lucidae following AC-FS than with conventional electron microscopy and was occupied by a homogeneous lamina densa without a lamina lucida, although no marked difference was discernable in the thickness of the lamina densa itself between the 2 preparative procedures. In addition, a decrease in the thickness of the glycocalyx was evident in the intestinal epithelial microvilli following AC-FS. It is thus likely that osmication in acetone at freezing temperatures remove the glycocalyx and related structures to a variable extent, and that this loss is responsible for reducing the intercellular spaces at some of the simple appositions narrower to the dimensions of the gap junction. It is also responsible for disappearance of the lamina lucida of the basement membrane.

It is generally considered that rapid freezing without aldehyde fixation and subsequent freeze-substitution with OsO % in acetone (RF-FS) is superior to conventional chemical fixation and ethanol dehydration for transmission electron microscopy in terms of closer preservation of cells and tissues to their living state. However, rapid freezing requires sophisticated equipment and techniques and its superiority is valid only in sufficiently small cells or a tissue-cell region limited to the very superficial micrometre-depth without recognisable freezing damage. Use of this methodology is still relatively infrequent (Heuser et al. 1979 ; Harvey, 1982 ; Aoki et al. 1994) . In order to overcome this difficulty, an alternative method has been developed in which tissues are first aldehyde-fixed and infiltrated with cryoprotectants such as glycerine or sucrose, and then freeze-substituted with OsO % in acetone (Reale & Luciano, 1990) . This modified freeze substitution (abbreviated to AC-FS for aldehyde, cryoprotection and freeze-substitution) has been shown to produce cell ultrastructure of high quality, equivalent to that obtained by RF-FS (Chan et al. 1994 ; Kondo, 1995) .
During observations on various tissues processed by AC-FS, we often encountered close membrane appositions of varying dimensions between 2 adjacent epithelial and epithelioid cells (Kondo & Iwasa, 1997) . Especially in the epithelial basal infolding in which gap junctions had not been reported to occur, extensive gap junction-like close membrane appositions were encountered. On the other hand, previous studies have reported that freeze-substitution, irrespective of RF-FS or AC-FS, results in the disappearance of the lamina lucida of the renal glomerular basement membrane, leading some authors to consider that the presence of a lamina lucida is an artifact induced by chemical fixation (Reale & Luciano, 1990 ). However, it is possible that the disappearance of the lamina lucida may represent extreme narrowing of the intercellular space between the glomerular endothelial cells and the podocyte pedicles in a similar way as for the gap junction-like close membrane appositions described above. If this is the case, freeze substitution would not be superior to conventional electron microscopy for ultrastructural analysis of intercellular relations. It is important to clarify this question in view not only of its technical but also its biological significance. The present study addresses this point and examines in detail membrane apposition in the epithelial basal infolding and the renal glomerular basement membrane following AC-FS.
  
Young (aged 3 wk) male albino rats weighing " 120 g, were fixed, under pentobarbitone sodium (Nembutal) anaesthesia (35 mg\kg), by transcardiac perfusion with 2 % paraformaldehyde and 3 % glutaraldehyde in 0.1  cacodylate buffer, pH 7.4 for 10 min at room temperature. Submandibular gland, kidney and intestine were removed, trimmed into small pieces, and immersed in the same fixative containing 0.5 % tannic acid for 2 h at 4 mC. The tissue blocks were divided into 4 groups. (1) The first group was postfixed with OsO % in buffer at 4 mC according to the conventional procedure. (2) The second group was transferred into graded concentrations of glycerine in the buffer for 2 h and kept overnight in 30 % glycerine at 4 mC. The tissue blocks were then frozen in liquid nitrogen and immersed in acetone containing 2 % OsO % and 0.5 % uranyl acetate which had been precooled at k80 mC. The tissues were maintained for 24 h at k80 mC, 16 h at k60 mC, 8 h at k40 mC and finally 8 h at k20 mC. They were brought to room temperature for 2 h and washed in several changes of fresh acetone for 30 min. (3) The third group of the aldehyde-prefixed tissue blocks were glycerinised, frozen in liquid nitrogen, and immersed for 2 h in buffered 1 % OsO % at 4 mC, and thereafter dehydrated with acetone or ethanol. (4) The fourth group of the aldehyde-prefixed tissues were, without freezing, immersed into 2 % OsO % in acetone at 4 mC for 2 h and subsequently dehydrated in acetone or ethanol. The specimens from all 4 groups were finally embedded in Epon and ultrathin sections observed under an electron microscope.
  
The cytological integrity of the submandibular gland and the kidney was well maintained following AC-FS and was comparable to that in conventional electron microscopy (Figs 1, 2). At low magnification, the cell contours of acini and ducts in the submandibular gland and those of uriniferous tubules and glomeruli in the kidney were smooth, without distortions or interruptions, and the interstitial spaces were well organised. At high magnification, the trilaminar structure of the plasma membrane appeared prominent. The ultrastructure of membranous cell organelles such as mitochondria, endoplasmic reticulum, vesicles and vacuoles in any of the cells was similar to that seen in by conventional electron microscopy, although the mitochondrial matrix was much denser than in conventional electron microscopy. No obviously empty microspaces, presumed to represent ice crystals formation, were seen in the cytoplasmic matrix or within membranous organelles of any cells.
For the purpose of the present study, the following description focuses mainly on membrane apposition in the basal infolding of the salivary gland and the renal glomerular basement membrane.
The epithelial junctional complexes, including the belt and spot desmosomes in the salivary gland and the kidney, exhibited the same ultrastructural features, including their size, as seen in conventional electron microscopy ( Fig. 3) . Although intercellular spaces of the simple apposition type were in most cases 10-15 nm in width, membrane appositions with narrower intercellular spaces over a variable extent were encountered more frequently in the AC-FS specimens than those prepared conventionally. Among the former, extensive membrane appositions only 2 nm in width were often found, up to 2 µm in length, along the basal infolding of the epithelial cells in the striated salivary duct (Figs 4, 5) and the renal tubules (not shown). No membrane specialisations were associated with the cytoplasmic surface of such close appositions. On the other hand, the basement membrane of the renal glomerulus was composed solely of a lamina densa, " 90 nm in width, in direct contact with the cell membranes of the podocyte pedicles and the endothelial cells without an intervening lamina lucida (Fig. 6 ). This feature is essentially the same as in the RF-FS specimens reported Figs 1, 2. Infranuclear portion of an epithelial cell of the striated duct of salivary gland (Fig. 1 ) and the renal glomerulus (Fig. 2 ) of a young adult rat after AC-FS at lower magnification. Note well preserved ultrastructure and slightly higher electron density of the mitochondria (m). B, basal infolding ; E, glomerular endothelial cell ; n, nucleus ; P, glomerular podocyte ; asterisk, epithelial basement membrane. Bars 1.0 µm. previously (Reale & Luciano, 1990 ; Furukawa et al. 1991 ; Yu et al. 1997) . The absence of the lamina lucida was also noticed in the basement membrane underlining the epithelium of the salivary gland as in the previous report by Chan & Inoue (1994) .
The close membrane apposition in the basal infolding is not unlike the gap junction in terms of intermembranous distance (Fawcett, 1994) . However, so far there have been no reports describing the occurrence of gap junctions in the epithelial basal infolding by freeze-fracture studies or immunohistochemistry. Two alternative explanations are therefore possible for this ultrastructural appearance. In the first, which is less likely, these gap junction-like close membrane appositions represent true gap junction which have escaped detection in previous observations by many authors. In the other and more plausible explanation, the occurrence of this close membrane apposition is ascribed to the present specimen preparative technique differing from conventional procedures. In relation to the first possibility, freezefracture analysis was again applied to the salivary gland, once more with negative findings (data not shown).
On the assumption that the latter possibility is correct, the same tissue blocks were processed for electron microscopy in several different ways as described in Materials and Methods. In specimens which were frozen and subsequently postfixed with aqueous OsO % at 4 mC and dehydrated either with ethanol or acetone, a distinct space 10-15 nm in width was interposed between the 2 apposing membranes in the basal infolding in the same way as in the conventional procedure, and no such gap junctionlike appositions occurred in the duct epithelium (Fig.  7) . In specimens postfixed with OsO % in cool acetone without freezing, the gap junction-like membrane appositions were found to be few in number and focal in size (Fig. 8) . From these findings it is likely that the acetone treatment for osmication of frozen tissues at (Fig. 4) and basal (Fig. 5) portions of a salivary duct epithelial cell after AC-FS at high magnification. Note extensive gap junction-like close membrane appositions and direct apposition of the basement membrane (asterisk) to the epithelial cell base without an intervening lamina lucida. m, mitochondria with higher electron density. Bars, 0.1 µm. freezing temperature is a major factor in narrowing the intercellular space down to the level of the gap junction, irrespective of dehydration either by ethanol or acetone. Since the belt and spot desmosomes in the present freeze-substitution maintained their intercellular spaces with a width similar to that after conventional procedures, and because distinct molecules are present to bridge the desmosomal intercellular spaces (Fuchs, 1997) , it is suggested that the glycocalyx in the simple apposition is removed to a greater or lesser extent so that the resulting denuded membranes are forced to approach each other during osmication in acetone at freezing temperatures. The gap junction-like apposition represents an extreme case of such a consequence.
In order to confirm this possibility, the AC-FS technique was also applied to the intestinal epithelial cells which are equipped with a well-developed glycocalyx on their apical plasma membranes. The total thickness of the membrane-associated electrondense material including the outer leaflet of the plasma membrane of the microvilli was " 5 nm after freeze-substitution, while that of the corresponding structure following the conventional preparative procedure was " 12 nm in thickness (Figs 9, 10 ). This finding indicates that AC-FS induces loss of the glycocalyx. It still remains to be elucidated how the denuded membranes approach each other during the freezing phase of the tissue environment.
In order to see whether this possible explanation is also applicable to the presence after freeze-substitution of only a dense lamina in the basement membrane occupying the intercellular space between the glomerular endothelial and epithelial cells, the renal tissues were also observed after the different procedures as described above and the width of the intercellular space and the lamina densa was measured (Fig. 13) . Both with postfixation with aqueous OsO % at 4 mC after freezing and postfixation with OsO % in cool acetone without freezing, the basement membrane exhibited the trilaminar structure in which the lamina densa was sandwiched between laminae lucidae (Figs 11, 12) . The sizes of the intercellular space and the lamina densa were not markedly different from those observed in conventional electron microscopy. Thus the decrease in the size of the intercellular space in the AC-FS roughly corresponds to the total thickness of the 2 laminae lucidae in conventional electron microscopy. This indicates that the appearance of just a lamina densa in the Figs 9, 10. Transverse section of intestinal epithelial microvilli by conventional electron microscopy ( Fig. 9 ) and after AC-FS (Fig. 10) . Note the thick glycocalyx around the conventionally fixed microvilli and a marked reduction in its thickness in the freeze-substituted specimen. Bars, 0.1 µm.
Figs 11, 12. Glomerular filtration sites of the kidney postfixed with OsO % in cold water after freezing (Fig. 11) and of a specimen postfixed with OsO % in cool acetone without freezing (Fig. 12) . Note the trilamilar basement membrane structure (asterisk) similar to the conventional electron microscopy. E, endothelial cell ; P, podocyte. Bar, 0.1 µm. intercellular space at the glomerular filtration site is the consequence of the disappearance of 2 laminae lucidae during osmication in acetone at freezing temperatures in the same way as described above for the gap junction-like membrane appositions. This further suggests that the laminae lucidae are as fragile as the glycocalyx in the basal infolding and the intestinal villi when exposed to acetone\osmium at freezing temperatures.
There have been several reports on differences in the preservation of cell ultrastructure, especially of intracellular lipid organelles between freeze-substitution and conventional electron microscopy, which stress the superiority of the former procedure over the latter (Ichikawa et al. 1989 ; Werner et al. 1991) . However, this is the first detailed study to demonstrate that freeze-substitution makes some intercellular spaces decrease their width in comparison with conventional electron microscopy, resulting in the appearance of gap junction-like close membrane appositions in the epithelial basal infolding, and also resulting in the disappearance of laminae lucidae in renal glomeruli. This is summarised in Figure 14 . Retrospectively in literature, an example of similar gap junction-like membrane appositions between epithelial cells is evident in figure 4 of the report by Chan & Inoue (1994) in which the same AC-FS as the present method was employed. No comments were made on the close membrane appositions by the authors. It is necessary to examine whether or not such a decrease in the intercellular spaces, probably due to loss of the glycocalyx, could also occur after RF-FS. However, it is unlikely that the addition of cryoprotectant pretreatment following aldehyde fixation is responsible for the decrease in width of the intercellular spaces because AC-FS exhibits a glomerular basement membrane ultrastructure comparable to that seen after RF-FS in terms of the absence of the lamina lucida. Therefore, so far as the intercellular space is concerned, it is likely that freeze-substitution is not an appropriate method to preserve cells and tissues closer to the living state. It is still premature to conclude that the glomerular basement membrane is composed solely of a lamina densa simply on the basis of the ultrastructure seen after freeze-substitution (Goldberg & Escaig-Haye, 1986 ). Alternatively, it is possible that the simple appositions seen on conventional electron microscopy are heterogeneous in terms of the lability of their extracellular components to freezing together with osmication in acetone. This could reflect heterogeneity in the chemical nature of their extracellular components.
